In order to administer radioactive precursor to the different tissues the intact seedling or excised regions as epicotyl, cotyledon, hypocotyl and root were in cubated with 32P. Information on the isolation, the composition, the relative stability and the possible location in the living cell of these nucleic acid frac tions will be presented. 
The nucleic acid metabolism of plant tissues was examined by incubating seedlings of Phaseolus, Vicia, Pisum , and Soja or sections of them with 32P for short periods of time. The nucleic acids extracted from this material were fractionated on columns of methylated album in coated on kieselgur, and the radioactivity and composition of the specific fractions were determined. A p p lic a tion of 32P to intact seedlings or to excised parts of seedlings resulted in the same pattern of labelled nucleic acids in all tissues, but the total amount of incorporated radioactivity was different. In a ll tissues investigated five rapidly labelled R N A fractions were found associated with the follow in g components: (I ) In contrast to bacteria and certain animal tissues our knowledge of messenger R N A in plant cells is still limited. Recently the occurrence of R N A species characterized by a rapid uptake of radioactive label, heterogenity o f molecular size, and in some instances a composition similar to the homologous D N A has been reported for plant tissues 1-4.
Whether these DNA-like R N A fractions bear any relation to the messenger R N A isolated from bacteria is unknown as information on their capacity to stimulate amino acid incorporation into protein and to hybridize with homologous D N A is lacking. A c cording to the different cellular organisation of higher plant cells as compared with bacteria, espe cially the presence of a cell nucleus, a modified mechanism for the transfer of genetic information from the D N A to the cytoplasm is possible. In this respect one important question is concerned with the fate of the rapidly labelled DNA-like R N A in the nucleus. Is it directly transferred to the cytoplasm or changed in its base composition and molecular size before thus giving rise to a more or less stable messenger R N A in the cytoplasm? Another problem is how the genetic information is transcribed. In order to administer radioactive precursor to the different tissues the intact seedling or excised regions as epicotyl, cotyledon, hypocotyl and root were in cubated with 32P. Information on the isolation, the composition, the relative stability and the possible location in the living cell of these nucleic acid frac tions will be presented.
Seeds of Phaseolus multiflorus ( " Preisgewinner" ), Viciu faba, Pisurn sativum ( " Alaska" ) , and Soja hispida (var. lutea) were soaked in running tap water for two days. They were then germinated on metal screens fit ting on water filled plastic containers or between moist filter papers in the dark at 25° for 3 -6 days.
Labelling of nucleic acids: The radioactive pre cursor was administered to the various tissues in two ways, either on the intact seedling or excised. Slices of soybean cotyledons and 10-mm sections from the epicotyl of Pisum, were incubated at 25° in the light in a medium containing 1% sucrose and 25 juC 32P; * (car rier-free) per ml (pn 6.2) with continuous shaking. Phaseolus epicotyls (with primary leaves) were sup plied with 32P by dipping their cut ends into the me dium (1% sucrose; 40 /uC 32Pj/ml; pn 6.2). By a simi lar technique excised roots of Phaseolus were labelled, the tips being dipped in the medium with 60 -80 //C/ml. They were removed, rinsed in cold water, and the tips (5 mm) and the adjoining region (15 mm) were ex cised; samples of both types of tissues were analyzed separately for their nucleic acids. In labelling experi ments with intact seedlings of Phaseolus and Vicia they were incubated, after removal of the cotyledons, by placing their roots 20 -30 mm in 1% sucrose solution or water containing 60 -80//C 32Pj/ml. At the end of the treatment the seedlings were thoroughly washed and the epicotyls, roots or root tips were isolated and extracted for nucleic acids. More experimental details are given in the " Results" section and in the figure legends. In order to determine the interference of bacterial contamination, in some experiments strepto mycin sulfate (Bayer) was added to the incubation media (10 -20//g/ml). However, as the results were identical with those from experiments without strepto mycin, it was not used again.
Preparation of nucleic acids: The tissue samples were squashed in a cold mortar containing 50 ml of cold tris-HCl buffer (0.05 M ; pu 7.5; 2 mM M gS04), 3 ml of 25% SDS and 80 mg bentonite. It was filtered through " Miracloth" (Chicopee Manufact. Corp., Miltown, N.J.) or " Vliseline" . 50 ml of buffer saturated phenol were added to the filtrate, and the mixture was shaken for 5 minutes. After centrifugation and removal of the aqueous phase two more extractions of the phe nol residue with tris buffer (pu 7.5 and 9.0 respectively) followed. From the combined aqueous supernatants the nucleic acids were precipitated by addition of 2 -3 volumes of ethanol and by storing the mixture for at least 2 h at -20 cC. They were recovered by centrifu gation, washed with ethanol and redissolved in 0.1 M NaCl and 0.05 M phosphate at pu 6.7. Insoluble mate rials were removed by high speed centrifugation, and 
Materials and Methods
the supernatant was chromatographed to separate the nucleic acids.
Fractionation of nucleic acids: Samples of the iso lated nucleic acids (2 -3 mg) were adsorbed onto columns of M a k 8-9 and eluted at room temperature with a logarithmic concentration gradient of NaCl from 0.1 M to 1.5 M in 0.05 M phosphate (pn 6.7). 5 ml fractions were collected in approximately 2 minutes. The u. v. absorbancy of the eluate was recorded auto matically ( " Uvicord" , LKB Stockholm) ; the radio activity w as measured by a Geiger-Müller tube mounted over the tubing from the column to the fraction col lector which was arranged in a spiral in front of the tube window. It was continuously recorded by con necting the tube with a ratemeter and a recorder. In several experiments the radioactivity of the fractions collected was measured in samples spread on metal planchettes, dried and counted in a window-less gas flow counter. The same method was applied for measuring the incorporated 14C-uridine in nucleic acids after previous incubation with the seedlings.
Preparation of cell fractions: The homogenates from seedling tissues were prepared as described above, but without SDS and bentonite and subjected to a high speed centrifugation for 2.5 h at 105 000 g (40 000 rpm, rotor 40 of a Spinco Model L ) . The sedi ment was resuspended in 15 ml of cold tris buffer, and after addition of an equal volume of cold buffer saturated phenol, SDS (1.5%), and bentonite (1.6 mg/ml) the nucleic acids were extracted by the standard procedure. This was also applied to the supernatant fraction in the absence of SDS. Fractiona tion experiments at 30 000 g for 0.5 h were performed in a refrigerated MSE centrifuge " High Speed 18" . After washing the sediment with tris buffer (0.05 M; P H 7.5; 2 mM MgS04) it was centrifuged again at the same speed. The nucleic acids from the combined supernatants and the sediment were extracted and fractionated as described above.
Base composition of RNA and DNA: The RN A in the fractions eluted from the M AK column was pre cipitated with carrier RNA or albumin by adding conc. HC104 at 0 °C. It was then hydrolyzed with 0.5 M KOH at 37 cC for 18 hours. The mixture was acidified to ph 1 with HCIO4 and centrifuged. After the super natant was adjusted to pn 6.5 and freed from KC104 it was chromatographed on a column of Dowex 1 (X 2, 200 -400 mesh; chloride) with a logarithmic concen tration gradient of H20 to 0.05 N HC1 and 0.05 N HC1 to 0.1 N HC1. The mixing vessel contained 300 ml H20. Elution was started with 60 ml of 0.05 N HC1 in the reservoir flask followed by 350 ml of 0.1 N HC1. When necessary carrier 2 S'-ribonucleotides were added to the hydrolysate prior to chromatography. The fractions containing individual nucleotides were combined, and from the absorption at 260 m/i the amount of each nucleotide was calculated by using the molar extinc tion coefficients (CMP, 6.8 x lO 3; AM P, 14.2 x lO 3; GMP, 11.8 xlO3 ; UMP, 10.0 x lO 3). For 32P radio activity determinations aliquots were plated, dried and counted by a gas flow counter. The composition of the (32P) RNA was calculated from the 32P distribution between the four nucleotides.
To determine the base composition of DNA, samples were hydrolyzed to nucleoside 5 -monophosphates by the consecutive action of pancreatic DNase (I, Worthington) and phosphodiesterase (Boehringer). (32P )D N A with carrier DNA added was dissolved in 0.05 M phosphate buffer (p h 6.7) and incubated with 10 /ug DNase/ml for 2.5 h at 37 °C. Then the ph value of the digest was adjusted to 8.4 with 1.0 M tris and 40 //g/ml of phosphodiesterase were added. After 2.5 h at 37 °C the reaction mixture was chilled and the deoxyribonucleotides were immediately separated on a Dowex column as described for the ribonucleotides.
Other methods: The effects of actinomycin D were studied 1. by applying both 32P and the antibioticum to seedlings or excised portions of them, and 2. by chase experiments. Seedlings or sections were trans ferred immediately after treatment with 32P to an aqueous solution of actinomycin D (10 //g/ml) prior to the extraction of their nucleic acids. -Actinomycin D was a gift from the Merck, Sharp and Dohme Research Laboratories. -
The presence of DNA was demonstrated by incu bating the preparation in question with DNase i. e. 30 /ig DNase (I, Worthington) per ml, 25min at 25 °C. The presence of RN A was demonstrated in the same way by using RNase (A, Worthington; 10 //g/ml; 30 min at 25 °C ). -We are indebted to Dr. R i c h a r d F r a n k l i n , University of Colorado, Medical Center, Denver, for providing samples of DNase and RNase.
Results

Com parison of nucleic acid metabolism in intact and excised roots
In initial experiments the synthesis of R N A in different tissues of the intact seedlings of Phaseolus multiflorus was measured by the incorporation of 32P into R N A after placing their roots for various lengths of time (0.5 -5 h) in a medium containing 32P ; . The nucleic acids then isolated from the root had a high specific activity, those from the epicotyl a low one. Surprisingly the distribution of 32P radioactivity between the various nucleic acid frac tions was very similar for root, hypocotyl, and epicotyl tissues (Fig. 1 ) . Variation in the length of the incubation period with 32P; had little effect on this labelling pattern of nucleic acids although the total amount of radioactivity incorporated was sig nificantly influenced. Moreover, a comparison of nucleic acid metabolism in different tissues of intact seedlings with the corresponding excised portions incubated under identical conditions with 32P ; , re vealed a striking similarity as far as the labelling pattern was concerned. The chromatographic pattern of the nucleic acids extracted from excised roots of Phaseolus after ap plication of 32P; for 0.5, 1.25, and 2.5 h is shown in Fig. 2 . The distribution of radioactivity did not coincide with that of u.v. absorbancy independent of the length of time of the 32P application. For the three preparations the positions of the corresponding radioactivity peaks were nearly identical while their height increased progressively with the prolongation of the incubation time. The peak I for ( 32P )R N A was registered between those of the two components s-1 and s-2 of the soluble R N A . After 2.5 h of incubation a shoulder appeared coinciding with s-1. The radioactivity within the D N A fraction ( I I ) was mainly confined to the first half of the u.v. peak. Rechromatography on M A K using a NaCl gradient from 0.4 M to 1.0 M resulted in a still better sepa ration of the bulk D N A from the labelled fraction which probably contained ( 32P )R N A in the form of a D N A -R N A complex as will be shown later. The high molecular R N A indicated by the three peaks in the u.v. profile and eluted at higher NaCl concen trations (hm 1 -hm 3) was associated with 3 radio active fractions ( I I I , IV , V ) which were eluted slightly before the corresponding u.v. peaks. In preparations from excised roots incubated for 2.5 h with 32P; peak V was reduced to a shoulder. That the radioactive fractions I, III, IV , and V were ( 32P )R N A by nature was proved by their in stability against the action of RNase und alkaline hydrolysis yielding the four nucleoside 2,,3,-monophosphates (Table 1) . They were also obtained from peak II after alkaline hydrolysis while the residue of this digest was readily split by DNase and phospho diesterase to acid-soluble deoxyribonucleotides.
The base analysis of the (32P )R N A fractions (Table 1) (Table 3 ) . No significant differences between these R N A species could be detected as far as the composition was concerned. They will henceforth be referred to as ribosomal RNA. In a series of experiments the isolated roots were cut in segments after incubation with 32P; for 1 h, and analyzed for labelled nucleic acids. Fig. 3 repre sents the radioactivity profile of preparations from root tips and the adjoining region. From the position of the peaks, which do not coincide with those of the u.v. absorption, it becomes evident that the labelling pattern is identical for both tissues. Compared with the results obtained with intact roots no significant difference in the distribution of ( 32P )R N A fractions was observed. This finding is supported by the com positions of the labelled R N A fractions (Table 2 ) . While fraction I is o f the " high CMP-GMP type" , fractions I I I -V are identical with the ribosomal R N A. To improve the purity of fraction V it was rechromatographed on M A K (NaCl gradient 0.6 M to 1.2 M ) prior to the determination of its com position.
Analogous experiments with excised roots of Vicia which were cut into segments of the same size before the nucleic acids were extracted gave rise to similar results. 32P; followed by the isolation of their nucleic acids. The elution diagramm (Fig. 4) shows the 6 optical density peaks which were already characterized in connection with Fig. 2 . The distribution of radio activity does not coincide with these peaks except in the region of ribosomal R N A for the preparations incubated for 4 h with 32P ; . The ( 32P )R N A asso ciated with the soluble RN As and D N A of both samples were eluted at about the same NaCl concen tration as the corresponding peaks of the nucleic acid preparations from root tissues. Their positions did not markedly change with longer incubation time. In contrast their specific activity increased under the same conditions. The base composition of these fractions of ( 32P )R N A (Table 3) The different methods which were used to grow the seedlings had no influence on the results of 32P incorporation in the nucleic acids of the various tissues.
Rapidly labelled R N A fractions in excised epicotyls and cotyledons
As the metabolism of nucleic acids in the root and its different regions seems to exhibit a rather uni form picture it was of interest to examine other tissues of the seedling for possible differences. The experimental approach consisted of incubating ex cised epicotyls with primary leaves for 2 or 4 h with and bentonite, freed from larger debris by filtration and subjected to high speed centrifugation. The sediment and the supernatant were examined for nucleic acids. Fig. 7 shows a typical result from such an experiment with a homogenate of Vicia roots centrifuged for 2.5 h at an average of 105 000 g. Evidently most of the labelled R N A is recovered in the pellet (Fig. 7A) . The u.v. absorption profile shows that it contains not only the components of ^ ribosomal R N A but also the bulk D N A and the s-2 component of the soluble RN A. The peaks of radioo activity did not coincide with those of optical den sity. From this data it can be concluded that while fraction I had accumulated in the sediment this species of ( 32P ) R N A is not identical with soluble RN A. The appearance of fraction II together with the bulk D N A suggests that it had been sedimented with the cell nuclei or their fragments. Fractions II I -V classified as ribosomal R N A were logically associated with the ribosomes in the pellet. In the supernatant (Fig. 7B ) radioactivity was confined solely to soluble RN A, the radioactivity peak coin ciding with that of optical density for the s-1 com ponent. When a homogenate from roots of Vicia, pre incubated with 32Pi was centrifuged at 30 000 g it gave rise to a more detailed separation of labelled R N A fractions (Fig. 8 ) . Fraction I was found ex clusively in the sediment (Fig. 8 A ) whereas the s-1 component of the soluble R N A stayed in the super natant (Fig. 8B) . The peaks of optical density and radioactivity of the latter were eluted at the same NaCl concentration. The presence o f fraction II and the bulk D N A in both the sediment and the super- natant may be due to incomplete separation by the centrifugal forces applied. More puzzling is the distribution of ribosomal R N A . Its presence in the sediment inspite o f resedimentation was not ex pected. Moreover, the high specific activity of the ribosomal R N A in the sediment compared with the lower activity of the corresponding fractions in the supernatant (Table 4) contradicts the assumption of an incomplete centrifugal fractionation. There was no difference in the composition of the four labelled fractions. It was all typical ribosomal. 
S ta b ility of ( S2P ) R l\A fractions
The relative stability of fractions I -V was tested by treatment of the seedling tissues with actinomycin D administered in three different ways: 1. Addition to the 32P; incubation mixture, 2 . Incubation of the tissue with 32Pj followed by a chase in a medium with or without (= control) actinomycin D, and 3. Labelling of the tissue for 1 h when a control sample was removed while the rest was subjected to a 1 h chase with actinomycin D. As shown in Fig. 10 A the presence of actinomycin in the 32P; incubation medium gave rise to an unusual labelling pattern in the roots of Phaseolus characterized by a high peak of radioactivity located between the sol uble RNAs and the DNA. Alkaline hydrolysis of this fraction failed to yield 2/,3/-ribonucleotide thus suggesting that it is not (32P)RNA associated with DNA. This material had some properties in common with fractions from other plant tissues which we have identified as polyphosphates.
Treatment of roots for 1.5 h with 32Pj followed by a chase with actinomycin resulted in a general reduction of 32P radioactivity in all fractions as compared to the control which continued to incor porate free 32P within the root into nucleic acids (Fig. 10 B) . In order to avoid this effect one sample was analyzed immediately after the incubation with 32P; as control while the other was kept under chase conditions with actinomycin. From Fig. 10C it is evident that the specific activities of fractions I -V of a sample being chased for 1 h were significantly lower than the control. Obviously fractions I and II were affected more seriously than the others indi cating their metabolic instability.
D iscussion
The results obtained by feeding 32P; to intact plants and isolated portions point out that the syn thesis of nucleic acids is not impaired in isolated roots or epicotyls. The labelling pattern of the nu cleic acids in excised tissues was practically identical with that in the corresponding tissues of intact seedlings. As observed in the epicotyls excision may contribute to an enhanced labelling of the nucleic acids. These findings are in accordance with the results of similar experiments on soybean and pea nut seedlings 4' 10.
The chromatographic pattern of separation of the isolated nucleic acids on MAK columns was very similar to that reported for other plant organisms 9> 11. At least 6 major fractions could be identified within the u.v. absorption profiles of all tissues investi gated. Surprisingly this uniformity was also observed in distribution of 32P among the various fractions of nucleic acids. Five major peaks of radioactivity were always eluted from the column. Generally they did not coincide with the corresponding peaks of 11 G. R ic h t e r u. H. S e n g e r , Ber. dtsch. bot. Ges. 17, 164 plementarity existed between them while a disparity was found for AMP and UMP. Thus the composi tion of this RNA species is different from that of soluble and ribosomal RNA. This is of particular interest because a rapidly labelled RNA fraction with a very similar composition and identical elution from the MAK column has been isolated from the green alge Chlorella after pulse-labelling with 32P;12. Like fraction I from seedlings it accumulated mostly in the sediment after high speed centrifugation of the cell homogenate, while the s-RNA was confined to the supernatant.
The ultracentrifugation experiments indicate that fraction I is associated with larger particles. One may assume that they are identical with the cell nuclei or fragments of them. Noteworthy is the fact that component s-2 also appeared in the pellet. The same behavior was observed for s-2 from Chlorella which always formed a sediment together with the ribosomes 13. Since only small amounts of 32P are incorporated even over long incubation periods s-2 represents a fairly stable RNA species.
In a recent publication C h e r r y et al. 10 have described a rapidly labelled RNA fraction in peanut cotyledons which did not coincide with either of the two peaks of s-RNA in the elution diagram. The similarity of this 32P-labelled RNA fraction to that of fraction I emphasizes their identity.
The DNA in the seedling tissues turned out to be heterogenous since at least 3 components were present within its peak in the elution diagram: labelled RNA, (32P)DNA, and bulk DNA. A similar close association between newly synthesized RNA -4000 -2000 Fig. 10 . Effect of actinomycin D on the incorporation of 32P into the nucleic acids of isolated P haseolus roots (4 days old). A : A sample of 100 roots was incubated with 60 /uC 32P/ml medium (0.8% sucrose, pH 6.2) in the presence of actinomycin D (10 /ug/m \) for 1.5 h at 25 °C. To a second sample as con trol no actinomycin D was added. B : Two samples of 100 isolated roots were preincubated with 32P under the same conditions as described for A. After 1.5 h one was transferred to a cold medium (0.8% sucrose, pH 6.2), the other to the same medium containing 10 /ug actinomycin D/ml, and both kept for 1.0 h under these "chase" conditions.
The sample without actinomycin D served as control. C: Two samples were treated as described above. From the control, however, the nucleic acids were extracted imme diately after the preincubation with 32P while the other sample was given 1.0 h chase period with actinomycin D (10 /ug/ml). ( -) Optical density; (o ---o -o) radioactivity in counts/ min/ml of the control, (•---• -• ) of the actinomycin D treated samples.
